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MULTILAYERED LED PRINTED CIRCUIT
BOARD

RELATED APPLICATIONS

The present application claims priority from German
application No. 10 2012 215 788.3 filed on Sep. 6, 2012.

TECHNICAL FIELD

Various embodiments relate to a multilayered LED printed
circuit board.

BACKGROUND

In order to provide printed circuit boards which have a
degree of integration which is as high as possible, multilay-
ered printed circuit boards are known from the prior art which
have a plurality of electrically conductive layers, which com-
prise conductor track structures and which are isolated from
one another by electrically insulating layers. The use of such
multilayered printed circuit boards for LED modules is prob-
lematic, however, since the thermal paths are also signifi-
cantly enlarged by a greater number of layers, said thermal
paths being used to dissipate the lost heat from the LEDs.
Precisely in the case of very tightly positioned LEDs on such
a multilayered printed circuit board, sufficient heat dissipa-
tion is not possible.

SUMMARY

Various embodiments provide a multilayered LED printed
circuit board which enables improved heat dissipation.

The multilayered LED printed circuit board according to
the disclosure includes electrically insulating layers compris-
ing an electrically insulating material and electrically con-
ductive layers consisting of an electrically conductive mate-
rial, wherein at least one of the electrically conductive layers
is structured with a conductor track structure. Furthermore,
the at least one structured electrically conductive layer is
arranged on an upper side of the printed circuit board,
wherein a plurality of LEDs is arranged on the at least one
structured electrically conductive layer on the upper side.
Furthermore, the LED printed circuit board includes a ther-
mally conducting element, and thermal paths comprising an
electrically conductive material, which are arranged, in each
case in contact-making fashion, between the LEDs and the
thermally conducting element. The thermal paths are electri-
cally insulated from one another and are designed to conduct
heat away from the LEDs. Furthermore, the thermally con-
ducting element comprises a material which is designed to
thermally couple and electrically isolate the thermal paths of
the respective LED:s.

The structurings of the electrically conductive layers in this
case define conductor track structures of the electrically con-
ductive layers. In this case, a plurality of electrically conduc-
tive layers, in particular also inner layers of the multilayered
LED printed circuit board, can also bear conductor track
structures.

By virtue of the thermally conducting element which is
designed to thermally couple and electrically isolate the ther-
mal paths of the LEDs, joint heat spreading of the lost heat
from the LEDs can be effected. At the same time it is ensured
that the electrical potentials of the LEDs are isolated, which
first enables joint heat spreading. By virtue of this coupling of
the thermal paths, substantially improved heat dissipation can
be achieved. Only thereby is it possible for a very large
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number of LEDs or LED clusters to be capable of being
positioned very tightly on the upper side of the printed circuit
board since sufficient heat dissipation is now made possible
by the joint heat spreading.

In this case, the thermally conducting element preferably
consists of a second electrically insulating material which has
a higher thermal conductivity than the electrically insulating
material of the electrically insulating layers of the LED
printed circuit board. Owing to the electrically insulating
property of the thermally conducting element material, it is
ensured that the respective electrical potentials of the LEDs
are isolated from one another, while the high thermal conduc-
tivity, which is substantially greater than that of the insulating
layers of the LED printed circuit board, enables thermal cou-
pling of the thermal paths.

In an advantageous configuration of the disclosure, the
second electrically insulating material of the thermally con-
ducting element is an inorganic material. Preferably, in this
case a ceramic material, such as an aluminum oxide ceramic
or an aluminum nitride ceramic, for example, is used since
these materials have very high thermal conductivity, and in
particular a thermal conductivity which is much higher than
the organic materials used preferentially for the electrically
insulating layers of the printed circuit board, such as FR4.

In an advantageous configuration of the disclosure, the
thermally conducting element is arranged in such a way that
a region in which the thermal paths make contact with the
thermally conducting element is arranged at least partially in
an electrically insulating layer of the LED printed circuit
board. This ensures the isolation of the potentials since if this
region were to be arranged in or on an electrically conductive
layer, this layer would produce an electrically conductive
connection between the thermal paths.

Further preferred is an arrangement of the thermally con-
ductive element at least partially, and in particular com-
pletely, in an electrically insulating layer of the LED printed
circuit board, whereby completely should be understood to
mean that the thermally conducting element is surrounded on
all sides by an insulating layer apart from the points at which
the thermal paths of the LEDs make contact with the ther-
mally conducting element and further points at which thermal
paths can likewise be arranged in contact-making fashion for
heat dissipation away from the thermally conducting element.
Thus, the thermally conducting element can be integrated in
a particularly advantageous manner with a compact arrange-
ment in the multilayered LED printed circuit board in a par-
ticularly space-saving manner.

In a further advantageous configuration of the disclosure,
the thermally conducting element is arranged at least partially
in an electrically insulating layer of the LED printed circuit
board, wherein electrical components are arranged in con-
tact-making fashion on an electrically conductive layer in the
same electrically insulating layer. Thus, the installation space
which is predetermined by the thickness of an electrically
insulating layer is used effectively or a certain thickness of the
insulating layer is predetermined by the space requirement
for the integrated components, i.e. components on the inner
layers of the multilayered LED printed circuit boards, which
thickness can at the same time be used for integrating or
embedding the thermally conducting element in this layer in
a compact and space-saving manner.

In a further advantageous configuration of the disclosure,
the thermal paths are arranged perpendicular to the layers of
the LED printed circuit board. This enables simple produc-
tion of the LED printed circuit board. In particular, it is
preferable to arrange the thermally conducting element
beneath the LEDs in order to be able to dissipate the heat over
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the shortest path, i.e. perpendicularly downwards towards the
lower side of the LED printed circuit board. In this case, it is
furthermore sufficient to configure the thermally conducting
element in such a way that it is arranged in a region which is
not substantially larger than the region in which the LEDs are
arranged on the upper side of the LED printed circuit board,
which enables a particularly compact configuration of the
multilayered LED printed circuit board and for example the
integration of electrical components in the same layer.

Furthermore, the thermal paths can be formed particularly
simply as vias (vertical interconnect access) comprising an
electrically conductive material. Thus, these paths can be
configured, for example, as vias filled with a metallic material
or as microvias or laser vias with electroplating.

Preferably, the thermal paths can comprise copper. Copper
likewise has a very high thermal conductivity and, owing to
the coupling of these paths to the thermally conducting ele-
ment which likewise has a very high thermal conductivity,
optimum heat dissipation can thus be enabled.

Advantageously, the thermal paths can pass through at
least one inner electrically conductive layer of the LED
printed circuit board, wherein the thermal paths are electri-
cally insulated from the at least one layer. In particular, the
paths can also run through all inner electrically conductive
layers, which enables heat dissipation to the outside, in par-
ticular to the lower side of the multilayered printed circuit
board, in a particularly advantageous manner.

Furthermore, the thermally conducting element can be
coupled to a lower side of the printed circuit board, which
lower side is arranged opposite the upper side. Therefore,
direct heat dissipation to the outside, i.e. to the lower side of
the printed circuit board, is enabled.

In a very advantageous configuration of the disclosure, the
lower side is formed from an electrically conductive layer
which can be coupled to a heat sink. This electrically conduc-
tive layer can in this case preferably be formed from one or
more copper layers. The coupling of the thermally conducting
element to these copper outer layers can in this case in turn be
implemented by microvias and copper electroplating, for
example. Owing to the coupling of the thermally conducting
element to the copper outer layers and the possibility of
coupling these layers to a heat sink, such as a cooling body,
for example, particularly effective heat dissipation can be
provided.

Further advantages, features and details of the invention
are given in the description below relating to preferred
embodiments with reference to the drawing.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, like reference characters generally refer to
the same parts throughout the different views. The drawings
are not necessarily to scale, emphasis instead generally being
placed upon illustrating the principles of the disclosed
embodiments. In the following description, various embodi-
ments described with reference to the following drawings, in
which:

FIG. 1 shows a schematic illustration of a multilayered
LED printed circuit board with an LED cluster arranged
thereon and an integrated thermally conducting element in
accordance with an exemplary embodiment of the disclosure.

DETAILED DESCRIPTION

The following detailed description refers to the accompa-
nying drawing that show, by way of illustration, specific
details and embodiments in which the disclosure may be
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practiced. FIG. 1 shows a schematic illustration of a multi-
layered LED printed circuit board 10 having an LED cluster
12 which is arranged thereon and which has a plurality of
LEDs, and with an integrated thermally conducting element
14 in accordance with an exemplary embodiment of the
invention. The LED printed circuit board 10 in this case has a
layer sequence of electrically conductive layers 16 and elec-
trically insulating layers 18. The electrically conductive lay-
ers 16 can in this case be structured by conductor track struc-
tures or be defined as conductor track structure and preferably
consist of copper. The electrically insulating layers 18 in this
case preferably comprise an organic material, in particular of
a typical printed circuit board base material such as FR4, for
example. A thermally conducting element 14 consisting of an
electrically insulating material with a high thermal conduc-
tivity is arranged in one of these electrically insulating layers
18. By embedding the inorganic, electrically insulating ther-
mally conducting element 14 with high thermal conductivity
in the multilayered LED printed circuit board 10, joint heat
spreading of the LEDs with simultaneous potential isolation
is enabled in a particularly advantageous manner. Further-
more, by virtue of this joint heat spreading, substantially
improved heat dissipation of the heat loss of the LEDs is
enabled. In addition, this has the advantage that a large num-
ber of LEDs can thus be positioned very tightly. The combi-
nation of a multilayered printed circuit board with a thermally
conducting element 14 for joint heat spreading of the LEDs
thus enables an extremely high degree of integration of this
LED printed circuit board 10.

In this case, the thermally conducting element 14 is pref-
erably formed from a ceramic material, such as an aluminum
oxide ceramic or aluminum nitride ceramic, for example.
These ceramics have a very high thermal conductivity, in
particular a thermal conductivity which is substantially
higher than that of the organic base material FR4. Further-
more, the LEDs in the LED cluster 12 can be arranged on
copper pads on the upper side of the LED printed circuit board
10. The copper pads of all LEDs on the first layer, i.e. on the
upper side, are electrically isolated from one another and are
therefore also thermally isolated from one another. By virtue
of contact being made with these copper pads via thermal
paths 20 with the thermally conducting element 14, thermal
coupling and thus joint heat spreading of the lost heat from the
LEDs is enabled. The thermally conducting element 14 is in
this case structured, wherein this structuring relates to the
contact points at which contact is made with the thermal paths
20. These thermal paths 20 can in this case be in the form of
copper-filled vias 22, copper-galvanized vias 24 or copper-
galvanized laser vias or microvias 26. Furthermore, these
electrically conductive paths 20 are electrically insulated
from one another in order to ensure that the potentials of the
LEDs are isolated from one another. In particular, the use of
microvias 26 which have a very small diameter in the
micrometers range likewise enables a very compact arrange-
ment of the LEDs.

Furthermore, the thermally conducting element 14 can be
coupled to copper outer layers on the lower side of the LED
printed circuit board 10. This coupling can likewise take
place, for example, by means of microvias 26 and copper
electroplating. Thus, the possibility is provided in a very
advantageous manner of dissipating the lost heat from the
LEDs directly onto the outer layers of the LED printed circuit
board 10 These outer layers can be coupled to a cooling body
for improved heat dissipation. Thus, the LED printed circuit
board 10 makes it possible to thermally connect the rear side
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and at the same time to keep the rear side free of potential by
virtue of the coupling via the electrically insulating thermally
conducting element.

Furthermore, yet further components can be arranged on
the inner layers or on the upper side of the printed circuit
board, such as surface-mounted components 32 or embedded
components 34, such as capacitors, for example. In order to
electrically connect the individual electrically conductive
layers 16, the LED printed circuit board 10 can have through-
platings 30, for example. Thus, the LED printed circuit board
10 can cope with the high degree of wiring complexity which
is required for the large number of LEDs by virtue of its
multilayered design and at the same time joint heat spreading
and thus markedly improved heat dissipation can be provided
by the integrated thermally conducting element 14.

Overall, an inexpensive and highly integrated module is
thus provided which, by virtue of integration of an electrically
insulating core which nevertheless has good thermal conduc-
tivity in a multilayered LED printed circuit board and by
virtue of the connection of the core to the LEDs and the
copper outer layers by means of microvias or laser vias and
copper electroplating, enables joint heat spreading of the heat
loss from the LEDs with at the same time potential isolation.
As a result, the heat dissipation can be markedly improved,
with the result that a very tightly positioned arrangement of a
large number of LEDs in a cluster, such as an Oslon chip, for
example, on a multilayered printed circuit board is enabled.

While the disclosed embodiments has been particularly
shown and described with reference to specific embodiments,
it should be understood by those skilled in the art that various
changes in form and detail may be made therein without
departing from the spirit and scope of the disclosed embodi-
ments as defined by the appended claims. The scope of the
disclosed embodiments is thus indicated by the appended
claims and all changes which come within the meaning and
range of equivalency of'the claims are therefore intended to be
embraced.

The invention claimed is:

1. A multilayered LED printed circuit board with electri-
cally insulating layers comprising:

at least one electrically insulating material; and

electrically conductive layers consisting of an electrically

conductive material;

wherein at least one of the electrically conductive layers is

structured with a conductor track structure

wherein the at least one structured electrically conductive

layer is arranged on an upper side of the LED printed
circuit board and

wherein a plurality of LEDs is arranged on the at least one

structured electrically conductive layer on the upper
side, the LED printed circuit board further comprising:

a thermally conducting element; and
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thermal paths comprising an electrically conductive mate-
rial, which are arranged, in each case in contact-making
fashion, between the LEDs and the thermally conduct-
ing element;

wherein the thermal paths are electrically insulated from
one another and are designed to conduct heat away from
the LEDs; and

wherein the thermally conducting element comprises a
material which is designed to thermally couple and elec-
trically isolate the thermal paths of the respective LEDs;

wherein the thermally conducting element is arranged in
such a way that a region in which the thermal paths make
contact with the thermally conducting element is
arranged at least partially in an electrically insulating
layer of the LED printed circuit board.

2. The multilayered LED printed circuit board as claimed
in claim 1, wherein the thermally conducting element consists
of'a second electrically insulating material which has a higher
thermal conductivity than the electrically insulating material
of'the electrically insulating layers of the LED printed circuit
board.

3. The multilayered LED printed circuit board as claimed
in claim 2, wherein the second electrically insulating material
is an inorganic material.

4. The multilayered LED printed circuit board as claimed
in claim 1, wherein the thermally conducting element is
arranged at least partially in an electrically insulating layer of
the LED printed circuit board, wherein electrical components
are arranged in contact-making fashion on an electrically
conductive layer in the same electrically insulating layer.

5. The multilayered LED printed circuit board as claimed
in claim 1, wherein the thermal paths are arranged perpen-
dicular to the layers of the LED printed circuit board.

6. The multilayered LED printed circuit board as claimed
in claim 1, wherein the thermal paths comprise copper.

7. The multilayered LED printed circuit board as claimed
in claim 1, wherein the thermal paths pass through at least one
inner electrically conductive layer of the LED printed circuit
board, wherein the thermal paths are electrically insulated
from the at least one electrically conductive layer.

8. The multilayered LED printed circuit board as claimed
in claim 1, wherein the thermally conducting element is
coupled to a lower side of the LED printed circuit board,
which lower side is arranged opposite the upper side.

9. The multilayered LED printed circuit board as claimed
in claim 1, wherein the lower side is formed from an electri-
cally conductive layer which can be coupled to a heat sink.

#* #* #* #* #*
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